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(54) Simulation system 

(57) Geometric information, layout information, etc. 
of workpieces and others are read from a CAD system 
etc. into a simulation system. A three-dimensional mod- 
el is laid out on a screen (38) of the simulation system 
by using layout plans and shape data of a robot (35), 



workpiece (36), and worktable (37). An operating-point 
sequence (for example, sequence of welding point) is 
created by specifying a point sequence, a line segment, 
or a plane to create a motion program. According to this 
motion program data, robot simulation is performed. 
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Description 

[0001] The present Invention relates to a simulation 
system in which three-dimensional models of peripheral 
equipment and workpiece which are placed near an op- 5 
erating machine to be simulated such as a robot and a 
machine tool are generated, and these models are used 
with a three-dimensional model of the operating ma- 
chine to be simulated. 

[0002] At the time of using a simulation system for ap- w 
plication studies of a robot system, cycle time simula- 
tions, or the like, first a creation of three-dimensional 
models of the hand, the peripheral equipment, and the 
machine of interest is necessary. To that end, an oper- 
ator has to directly create three-dimensional models by 15 
means of a simulation system, often causing much time 
to be spent till the simulation is performed. 
[0003] In an alternative practice, before performing 
the simulation, three-dimensional models of the above 
described operating machine (a robot, a machine tool, 20 
etc), its peripheral equipment, and workpieces are cre- 
ated on a CAD system separated from the simulation 
system, and are inputted to the simulation system. 
[0004] As so far described, considering the facts that 
three-dimensional models needs to be created sepa- 25 
rately even though two-dimensional geometric informa- 
tion created by a separate CAD system is available, that 
users of a simulation system for robots or the like are 
not necessarily exploiting a three-dimensional CAD sys- 
tem, and that two-dimensional CAD systems have be- 30 
come into widespread use, it is speculated that efforts 
for creating three-dimensional models will be substan- 
tially reduced if machine drawings of workpieces and 
others created by a two-dimensional CAD system can 
be exploited. 35 
[0005] In particular, in creating three-dimensional 
models of workpieces of a complicated shape, the risk 
of making model errors is expected to be reduced. 
[0006] A preferred embodiment of the present inven- 
tion provides a simulation system that enables an off- 40 
line simulation through rapid and accurate construction 
of a three-dimensional model of the system comprising 
an operating machine, its peripheral equipment, and 
others by importing two-dimensional information of the 
operating machine and its peripheral equipment pre- 45 
pared in a CAD system. 

[0007] The present invention is applied to a simulation 
system that performs a practical simulation by combin- 
ing a three-dimensional model of an operating machine 
such as a robot and a machine tool, with three-dimen- so 
sional model(s) of the peripheral equipment and the 
workpiece. 

[0008] According to one aspect of the present inven- 
tion, the above described simulation system comprises 
means for storing a three-dimensional model of an op- 55 
erating machine, and means for inputting drawing infor- 
mation representing at least one two-dimensional shape 
of peripheral equipment or a workpiece. The above de- 
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scribed drawing information includes three-dimensional 
layout information for laying out the two-dimensional 
shape in a three-dimensional manner and operating- 
point information to indicate the positions at which the 
operating machine is operated. Further, the simulation 
system comprises three-dimensional model generation 
means for assembling three-dimensional model(s) of 
the peripheral equipment and the workpiece by laying 
out the two-dimensional shape on a screen of the sim- 
ulation system based on the three-dimensional layout 
information, and means for operating the three-dimen- 
sional model of the operating machine on the screen 
based on the operating-point information read out from 
the above described drawing information. 
[0009] According to another aspect of the present in- 
vention, the simulation system comprises means for 
storing a three-dimensional model of an operating ma- 
chine, means for acquiring operating-point information 
representing the position(s) at which the operating ma- 
chine is operated, and means for inputting the drawing 
information representing at least one two-dimensional 
shape of the peripheral equipment or the workpiece. 
And the drawing information includes three-dimensional 
layout information to lay out a two-dimensional shape in 
a three-dimensional manner. Further, the simulation 
system comprises three-dimensional model generation 
means for assembling three-dimensional models of the 
peripheral equipment and the workpiece by laying out 
the two-dimensional shape on the screen of the simula- 
tion system based on the above described three-dimen- 
sional layout information, and means for operating the 
three-dimensional model of the operating machine on 
the screen based on the acquired operating-point infor- 
mation. 

[0010] In either of the above described aspects, it is 
preferable that the three-dimensional model generation 
means includes means for creating a three-dimensional 
shape by providing a thickness to an arbitrary portion of 
a plane or line of a two-dimensional shape indicated in 
the drawing information. It is also preferable that the 
drawing information is projection drawings of at least 
two directions, and the three-dimensional model gener- 
ation means creates three-dimensional models based 
on the projection drawings of at least two directions and 
each of the directions. 

[001 1 ] It may be arranged such that the projection di- 
rections are two mutually perpendicular directions, and 
the three-dimensional information of an original lineseg- 
ment is determined based on the position information of 
four points which are obtained by choosing both ends 
of the conesponding projected line segment on each 
projection drawing of the two directions. Similarly, it may 
also be arranged such that the projection directions are 
two mutually perpendicular directions as described 
above, and the three-dimensional information of an orig- 
inal circle is determined based on the position informa- 
tion of six points obtained by choosing three points in 
the corresponding projected circle and three points in 
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the corresponding projected line segment on each pro- 
jection drawing of the two directions. 
[0012] Moreover, the two projection drawings may be 
any combination of mutually perpendicular projection di- 
rections selected from a front view, a right side view, a 
left side view, a top view, a bottom view, and a rear view, 
based on a trigonometry or mono-angular projection. Al- 
so, the system preferably comprises means for storing 
an instruction program or a time chart of the operating 
machine, and means for operating the three-dimension- 
al model of the operating mach ine on the screen accord- 
ing to the instruction program or the time chart. The 
present invention may be applied to the cases in which 
the simulation target includes a plurality of operating 
machines. 

[0013] In the present invention having the above de- 
scribed configuration, three-dimensional models, two- 
dimensional shape information, and layout position in- 
formation (not always all of them) of an operating ma- 
chine such as a robot and a machine tool, and surround- 
ing objects such as peripheral equipment and a work- 
piece, which may be prepared by a CAD system, may 
be inputted to the simulation system directly or indirectly 
via, for example, a communication line, an electronic in- 
formation medium, or the like. In the case of two-dimen- 
sional shape information, position and posture informa- 
tion may be added to the two-dimensional shape infor- 
mation so that it is laid out as a three-dimensional line 
segment or plane in a virtual three-dimensional space 
to create a simplified three-dimensional model. Upon 
performing a simulation, since there is a case in which 
a complete three-dimensional model is not necessarily 
required, a simplified three-dimensional model may be 
prepared for the peripheral equipment and the work- 
piece to enable rapid execution of a simulation. 
[0014] Also by providing a thickness to a portion sur- 
rounded by the above described planes and lines, or the 
like, it is made possible to create a three-dimensional 
model which is closer to the real object, thus enabling a 
more accurate simulation. To generate a more accurate 
three-dimensional model by utilizing two-dimensional 
shape information, means for providing relative position 
information between two shape information for a plural- 
ity of two-dimensional shape information maybe provid- 
ed. 

[0015] For example, a front view and a right side view 
of the workpiece prepared by the orthographic projec- 
tion method may be read in to instruct the position in 
each view at which a specific point of the workpiece is 
indicated for each view. By doing so, the relative posi- 
tions of two surfaces may be determined. Thereafter, a 
three-dimensional model of the workpiece may be com- 
pleted by using a known three-dimensional model gen- 
eration means such as a pushing-out of element exploit- 
ing the two drawings . Using two drawings makes it easy 
to generate a three-dimensional model. Also importing, 
from the CAD, the layout information of the system com- 
ponents such as a workpiece as well as two-dimension- 



al shape information and three-dimensional model 
makes it possible to lay out the three-dimensional model 
in a virtual three-dimensional space. 
[0016] For example, importing a plan view of system 
5 layout may make the system construction easy. Also by 
indicating the layout reference points of the workpiece 
and others in the layout plan view by symbols, it is made 
possible to lay out the three-dimensional model of the 
workpiece based on the symbols . Also, an operating- 
10 point sequence of a robot may be read in to rapidly per- 
form a simulation. The operating-point sequence infor- 
mation may be stored in the simulation system or may 
be imported from the information stored in a CAD sys- 
tem. 

[0017] Forexample, by writing symbols to indicateop- 
erating points into the two-dimensional drawing, and im- 
porting that information together with the two-dimen- 
sional drawing to extract the above described symbols, 
it is made possible to automatically generate the oper- 
ating-point sequence information. Moreover, it is also 
possible to store a motion program and a time chart in 
the simulation system to perform simulations using the 
motion program and the time chart. For example, when 
a time chart regarding the above described operating- 
point sequence is prepared, the simulation regarding 
the above described operating-point sequence may be 
performed without delay. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

30 

[0018] 

Fig. 1 shows one example of an arrangement for 
importing various data from a CAD system in each 
35 embodiment; 

Fig. 2 is a block diagram to show a configuration of 
substantial parts of a simulation system used in 
each embodiment; 

Fig. 3 is a flowchart to briefly show a procedure in 
40 a first embodiment; 

Fig. 4 is a flowchart to briefly show a procedure in 
a second embodiment; 

Fig. 5 is a flowchart to briefly show a procedure in 
a third embodiment in case where layout informa- 
45 tion is prepared as three-dimensional data in the 
CAD system; 

Fig. 6 is a flowchart to briefly show the procedure 
in the third embodiment in case where the layout 
information is prepared as plan view data in the 
50 CAD system; 

Fig. 7 is a flowchart to briefly show a procedure in 
a fourth embodiment; 

Fig. 8A to 8C are schematic views to show the first 
and the second embodiments; 
55 Fig. 9A shows an example of CAD drawing of a 
workpiece, and Fig. 9B shows an example in which 
a three-dimensional model of a workpiece created 
from the CAD drawing and a three-dimensional 
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model of the robot are laid out and displayed on a 
screen; 

Fig. 1 0A shows a condition in which both ends of a 
projected line segment are selectively specified on 
a two-dimensional CAD drawing in the second em- 5 
bodiment, and Fig. 1 0B shows a middle step of cre- 
ating three-dimensional model corresponding to a 
line segment based on three-dimensional informa- 
tion; and 

Fig. 11 A and 11 Bare schematic views to explain the io 
third embodiment. 

[0019] As described so far, in performing work by use 
of an operating machine such as a robot and a machine 
tool at a factory or the like, it is very often the case that 15 
three-dimensional model, two-dimensional shape infor- 
mation, and layout position information of the operating - 
machine and surrounding objects are prepared in a CAD 
system in advance. Now, some examples will be briefly 
described for those cases. Fig. 1 shows one example of 20 
an arrangement for importing various data from a CAD 
system in each example of the invention. 
[0020] In Fig. 1, reference numeral 1 denotes a sim- 
ulation system, and the simulation system 1 is connect- 
ed to a 2D-CAD system 2 and a 3D-CAD system 3 25 
through a suitable communication line 4. The 2D-CAD 
system 2 and the 3D-CAD system 3 have CAD functions 
(processing, storing : input/output, etc.) to mainly deal 
with not higherthan two-dimensional data and not high- 
er than three-dimensional data respectively. In some 30 
cases, a CAD system having both functions may be uti- 
lized. 

[0021] Fig. 2 is a block diagram to show the configu- 
ration of substantial parts of the simulation system 1 . As 
shown in the drawing, the entire simulation system com- 35 
prises a display part to provide a display screen 1 3 and 
a main part 14. The main part 14 is provided with an 
animation calculation display unit 15, a data storage unit 
1 6, and motion calculation processing unit 1 7 of the op- 
erating machine. 40 
[0022] Though not shown in the drawing, various 
parts of the simulation system are provided, as needed, 
with a keyboard, mouse, or the like for manually editing, 
modifying, and inputting the program data, parameter 
data, instructions, or the like. Moreover, a main CPU, 45 
which is not shown, governs each part of the simulation 
system according to the system program or the like 
stored in the data storage unit 16. The sending and re- 
ceiving of the data via the communication line 4 is per- 
formed through a suitable input/output interface (not so 
shown) . 

[0023] In addition, the program data and parameters 
necessary for executing the processing in each example 
of the invention are stored in the data storage unit 16, 
and the activation, readout, writing, modification of them 55 
are controlled by the main CPU. Some possible exam- 
ples in accordance with the aspects of the data provided 
in the 2D-CAD system 2 or 3D-CAD system 3 will be 



described below. In the following description, the term 
'CAD system' is used to refer to either the 2D-CAD sys- 
tem 2 or the 3D-CAD system 3 as appropriate. 

Embodiment 1 

[0024] The two-dimensional geometric information 
created by a CAD system, for example, by the CAD sys- 
tem 2 independent of the simulation system 1 is import- 
ed into the simulation system 1 through an electric com- 
munication line 4 or an electronic medium. Wherein, it 
is assumed that a two-dimensional drawing 21 of the 
workpiece as shown in Fig. 8A is provided in the CAD 
system 2. The two-dimensional drawing 21 of the work- 
piece consists of a top view, a front view, and a right side 
view, and the data to identify the contour of the work- 
piece on these views are outputted in a file format. 
[0025] The simulation system 1 imports this file out- 
put. For this import, the transformation of data record 
format etc. are required, and for that end, commercially 
available software 'ROBOGUIDE , (g> may be used. The 
contour of the workpiece is laid out on the screen 1 3 of 
the simulation system 1 using the imported two-dimen- 
sional geometric information. 

[0026] As the simplest case, the workpiece is laid out 
on the screen 13 as a two-dimensional drawing without 
modification, for example, by displaying its front view or 
top view. The layout position is determined to be a po- 
sition considered to better correspond to real operation 
condition from other information (where layout informa- 
tion is not inputted from a CAD system). Moreover, by 
specifying the orientation of the front view data of the 
workpiece, it is possible to lay out the workpiece on the 
screen 13 displaying it in a three-dimensional manner 
as denoted by reference numeral 21a in Fig. 8B. 
[0027] Further, a robot is laid out on the screen 13. In 
this case, the data of the three-dimensional model of the 
robot, which is created in advance and stored in the data 
storage unit 1 6, are used to display the three-dimension- 
al model 11 of the robot (see Fig. 2) on the screen 13. 
The display position (layout position) of the three-dimen- 
sional model 11 of the robot is determined to be a posi- 
tion which is considered to better correspond to real op- 
eration condition from other information (wherein the 
layout information is not inputted from the CAD system). 
[0028] Fig. 9B shows an example in which a three- 
dimensional model 102 of the workpiece and a three- 
dimensional model 103 of the robot are aligned and si- 
multaneously displayed on the screen 1 04 of the simu- 
lation system 1 . In this case, the CAD drawing of the 
workpiece is assumed to be one shown by reference 
numeral 1 01 in Fig. 9A (a right side view, a left side view, 
a top view, and a bottom view). The three-dimensional 
model 1 02 of the workpiece is created in the simulation 
system 1 based on the data imported from the CAD sys- 
tem. Also, the three-dimensional model 103 of the robot 
is created in advance and stored in the data storage unit 
16. 
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[0029] Next, an operating-point sequence (for exam- 
ple, a sequence of welding points) is created by speci- 
fying a sequence of points, line segments, or planes us- 
ing the shape data of the workpiece imported in the sim- 
ulation system 1 . Furthermore, a motion program is cre- 
ated from this operating-point sequence. Explanation of 
the creation of the motion program from the operating- 
point sequence is omitted since that is similar to an or- 
dinary off-line programming. 

[0030] When the motion program is ready, the robot 
simulation is performed according to the data of this mo- 
tion program. As a result of this, the motion locus 12 of 
the robot (generally an operating machine) is displayed 
on the screen 13 in an animation format. That is, motion 
locus 12 is displayed in an animation format using the 
motion program data including the data specifying the 
operating-point sequence by means of the animation 
calculation display unit 15 and the motion calculation 
processing unit 17 of the operating machine. Since this 
technique is well known, its detailed explanation is omit- 
ted. On the screen 13 in Fig. 2, the layout image of the 
workpiece is omitted. Also, the above described proce- 
dure may be briefly shown by a flowchart in Fig. 3. 

Embodiment 2 

[0031] In the above described Embodiment 1, the 
workpiece which is imported from the CAD system 2 and 
!aid out on the screen 13 of the simulation system 1 is 
displayed in a two-dimensional shape. However, it is 
possible to modify this data to lay them out on the screen 
13 as a three-dimensional model of lines and planes. 
The present embodiment will describe a simple example 
of such case. 

[0032] In the present embodiment, the two-dimen- 
sional data imported from the CAD system 2 are added 
with position information in a virtual three-dimensional 
space displayed on the screen 13 to create a three-di- 
mensional model consisting of lines and planes to be 
laid out on the screen 13. When a simple model is suf- 
ficient for desired simulation, the creation of a three-di- 
mensional model may be simplified. The procedure ac- 
cording to this example is as follows. 
[0033] Two-dimensional geometry information creat- 
ed by a CAD system, for example, the CAD system 2 
independent of the simulation system 1 , are imported 
into the simulation system 1 through an electric commu- 
nication line 4 or an electronic medium. In this case, the 
contour data of the two-dimensional drawing 21 (a top 
view, a front view, and a right side view) of the workpiece 
as shown in Fig. 8A are outputted in a file format. These 
data are, as in the case of the first embodiment, stored 
in the data storage unit 16 temporarily as two-dimen- 
sional drawing data by using commercially available 
software , ROBOGUIDE«®. 

[0034] At least two drawings created by the ortho- 
graphic projection method are imported from the CAD 
system, and a three-dimensional model is created by 
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indicating the positional relationship between the two 
drawings. For example, when the two drawings are a 
front view and a right side view (see Fig. 8A), it is indi- 
cated that the imported drawings are a front view and a 

5 right side view. Also, by selecting the same position on 
each of the two drawings, the positional relationship of 
the two drawings is given. Since, in these two drawings, 
three-dimensional shape information is written, the 
depth of any part of the object can be easily specified 

10 while the drawings being watched. 

[0035] Utilizing the two drawings, three-dimensional 
models are created by means of techniques of generat- 
ing three-dimensional models used in existing three-di- 
mensional CAD systems such as pushing-out and cut- 
is ting-off of any part of the object. Since the operator can 
perform the creation of a three-dimensional model while 
watching the two drawings, he/she can perform push- 
ing-out or cutting-off precisely thereby creating the 
three-dimensional model more precisely and rapidly. 

20 Moreover, data processing and screen display tools, 
which are necessary for the creation of such three-di- 
mensional models, can be provided by commercially 
available software 'ROBOGUIDE'®. A created three-di- 
mensional modeF of a workpiece looks like the three-di- 

25 mensional model 23a shown in Fig. 8C. Such a three- 
dimensional model, which has been created by using 
projection data of two or more directions such as a front 
view and a side view and further making necessary 
modifications of those data, is called an "interactively 

30 created three-dimensional model." 

[0036] Figs. 10A and 10B show, on the two-dimen- 
sional CAD drawing 21, a middle step of creating a 
three-dimensional model 23b in which three-dimension- 
al position information (see small solid circles in Fig. 

35 10B) of the original line segment is obtained based on 
the position information of four points (see small solid 
circles in Fig. 10A) obtained by selectively specifying 
both ends of a corresponding projected line segment on 
each projection drawing of two directions (for example, 

40 a front view and a side view). Similarly from projection 
drawings of two directions, three-dimensional informa- 
tion for an original circle may be obtained based on the 
position information of six points obtained by selecting 
three points from each of a corresponding projected cir- 

45 C le and a projected line segment on each of the projec- 
tion drawings of two directions. 

[0037] Next, the robot is laid out on the screen 13. At 
this time, the data of a three-dimensional model of the 
robot, which has been prepared in advance and stored 

50 in the datastorage unit 1 6, are used to display the three- 
dimensional model 11 (see Fig. 2) of the robot on the 
screen 13. The display position (layout position) of the 
three-dimensional model 11 of the robot is determined 
in such a way that it corresponds to the actual operation 

55 situation from other information (in this case, the layout 
information is not imported from the CAD system). 
[0038] Further, an operating-point sequence (for ex- 
ample, sequence of welding points) is created by spec- 
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ifying a sequence of points, line segments, or planes us- 
ing the data of the three-dimensional model 23a or the 
shape data of other workpieces imported from the CAD 
system 2 as needed. Then a motion program is created 
from the operating-point sequence. The creation of a 5 
motion program from an operating-point sequence is 
similar to an ordinary off-line programming, and there- 
fore its explanation is omitted. 

[0039] Upon creation of the motion program, a robot 
simulation is performed according to the data of this pro- 10 
gram. By doing this, a motion locus 12 of the robot (gen- 
erally an operating machine) is displayed on the screen 
13 in an animation format. Although, the layout image 
of the workpiece is omitted on the screen 13 in Fig. 2, 
the image to be displayed thereon is one that will be pro- 15 
duced by superimposing the screen 22 of Fig. 8C on the 
screen 13 of Fig. 2. The process described so far may 
be summarized by a flowchart shown in Fig. 4. 



Embodiment 3 



20 



[0040} In this embodiment, the layout position as well 
as two-dimensional shape information or three-dimen- 
sional model of peripheral equipment, operating ma- 
chines, and workpiece are imported from the CAD sys- 25 
tern 2 or 3. Based on this layout information, the periph- 
eral equipment, operating machine and workpiece are 
laid out in a virtual three-dimensional space displayed 
on the screen of the simulation system 1 . By doing this, 
the system of a three-dimensional model can be con- 30 
structed easily. The procedure in the present embodi- 
ment is as follows. 

[0041] Two-dimensional or three-dimensional geo- 
metric information and layout information concerning 
the workpiece and others (data to show where the work- 35 
piece etc. are laid out in the operational space) prepared 
in a CAD system, for example, the CAD system 2 or 3 
independent of the simulation system 1 are imported to 
the simulation system 1 via an electric communication 
line 4 or an electronic medium. 40 
[0042] The layout information includes a plurality of 
plan view data: a layout plan 31 of an operating machine 
(a robot), a layout plan 32 of a workpiece, and a layout 
plan 33 of a worktable, as shown in Fig. 11 A. The layout 
data including such data and the two-dimensional shape 45 
data of the workpiece and the worktable are outputted 
from the CAD2 in a file format. These data are tempo- 
rarily stored in the data storage unit 16 by utilizing the 
commercially available software 'ROBOGUIDEX®. 
These data are stored in the data storage unit 16 even so 
when the layout information is given as three-dimen- 
sional data. 

[0043] As the two-dimensional shape data of the 
workpiece and worktable, it is possible to utilize at least 
two drawings that are created by the orthogonal projec- 55 
tion method as described in the second embodiment. 
From these drawings, as described in the second em- 
bodiment, three-dimensional models of the workpiece 



and worktable are created. The software for data 
processing and screen display, which is needed for cre- 
ating such three-dimensional models, can also be pro- 
vided by the commercially available software 
'ROBOGUIDE 1 ®. An example of the created three-di- 
mensional models of the workpiece and worktable in- 
cludes three-dimensional models 36 and 37 shown in 
Fig. 11B. 

[0044] The three-dimensional model 35 of the oper- 
ating machine (a robot) has been created in advance 
and is stored in the data storage unit 16. But in some 
cases, the data prepared in the CAD system 3 may be 
used by modifying them as needed. 
[0045] The prepared three-dimensional models 35, 
36, and 37forthe operating machine (a robot), the work- 
piece, and the worktable are laid out on the screen 38 
of the simulation system 1 . The layout positions of the 
component models 35 to 37 are determined based on 
the layout information (plan view data or three-dimen- 
sional layout data) imported from the CAD system 2 or 
3. When the layout information is given as plan view da- 
ta, the layout positions of the three-dimensional models 
35 to 37 on the screen 38 can be determined by, for ex- 
ample, specifying (for example, clicking on the screen 
38) vertex points (one or more) of the layout figures 31 
to 33 of each component. The software for such data 
processing needed for layout and screen display can be 
prepared by commercially available software 
'ROBOGUIDE'®. 

[0046] Moreover, using data of the three-dimensional 
models 35 to 37 or the shape data of the workpiece im- 
ported from the CAD system 2 as needed, an operating- 
point sequence (for example, a sequence of welding 
points) is created by specifying point sequences, line 
segments, and planes. And, a motion program is creat- 
ed from the operating-point sequence. The creation of 
the motion program from the operating-point sequence 
is similarto an ordinary off-line programming, and there- 
fore its explanation is omitted. 

[0047] When the motion program has been generat- 
ed, a robot simulation is performed according to the data 
of this motion program. As a result of this process, a 
motion locus 12 of the robot (generally an operating ma- 
chine) is displayed on the screen 13 (screen 38 in Fig. 
1 1 B) in an animation format. Although the layout images 
of the workpiece and the worktable are omitted on the 
screen 13 in Fig. 2, an image similar to one which is 
formed by superimposing the screen 38 in Fig. 11 B on 
the locus 12 shown in Fig. 2 is supposed to be displayed. 
The above described procedure can be briefly summa- 
rized by a flowchart in Fig. 5 (a case in which three-di- 
mensional layout information is prepared) or Fig. 6 (a 
case in which the layout information is prepared as a 
plan view) . In these flowcharts, the description of the 
step of creating the three-dimensional models is omit- 
ted. 
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Embodiment 4 

[0048] In some cases, the CAD system 2 or 3 is pro- 
vided with operating-point information as well. Thus, in 
this embodiment, a case is considered in which the CAD 5 
system 2 or 3 is provided with shape information (two- 
dimensional data or three-dimensional data) of the pe- 
ripheral equipment, the operating machine and the 
workpiece, their layout information, and operating-point 
information as well. In this case, the operating-point in- 10 
formation, which is the position information for operating 
the operating machine (a robot), can be imported from 
the CAD system and or from a drawing created by the 
CAD system to easily specify the motion of the robot. 
Thus, it is made possible to rapidly and accurately per- 15 
form simulations in which a three-dimensional model of 
a moving structure such as a robot is operated on the 
screen according to the operating-point sequence infor- 
mation. 

[0049] There also may be a case in which the three- 20 
dimensional shape information and three-dimensional 
model imported from the CAD system are provided with 
an operating-point sequence indicated by symbols or 
the like. When operating points of a robot have been 
studied by a CAD system, it is possible to eliminate the 25 
need for defining the operating-point sequence again in 
the simulation system by importing the drawing which 
has been obtained as a result of the study into the sim- 
ulation system, thereby reducing errors in the operating- 
point sequence. The procedure in the present embodi- 30 
ment will be exemplified as follows. 
[0050] The shape data and layout data of the periph- 
eral equipment, the machine, the hand, and the welding 
gun as well as the operating-point sequence isoutputted 
in a file format from the CAD system. Then these data 35 
are imported to the simulation system 1 by using the 
commercially available software 'ROBOGUIDE'®. 
Based on the imported layout data, the imported shape 
data are laid out. Also, a motion program of the robot is 
created from the operating-point sequence. With pat- 40 
terns of robot motion program (operating points are not 
yet defined) and time charts being stored in the simula- 
tion system 1 , it is possible to complete the motion pro- 
gram by importing the above described operating-point 
sequence into the pattern or the time chart of the motion 45 
program. This type of method is well known, and there- 
fore its explanation is omitted. 

[0051] Then, the motion program is executed to per- 
form a robot simulation. As a result of this simulation, 
the three-dimensional models of the robot and the sur- so 
rounding objects (workpiece etc.) as well as a motion 
locus of the robot (see reference numeral 12 in Fig. 2) 
are displayed on the screen 1 3 of the simulation system 
1 . The above described procedure can be briefly sum- 
marized in a flowchart shown in Fig. 7. 55 
[0052] According to the present invention, by import- 
ing a three-dimensional model or two-dimensional 
drawing created by a CAD system in advance and their 
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layout information into the simulation system from a 
CAD system or the like, it is made possible to rapidly 
and accurately construct a three-dimensional model of 
the above described system in a short time, thereby en- 
abling an off-line simulation. It is also made possible to 
create a simplified three-dimensional model by utilizing 
two-dimensional shape information such as a plan view 
imported from the CAD system without any modification. 
Moreover, it is possible to easily create a three-dimen- 
sional model utilizing the two-dimensional shape infor- 
mation. 

[0053] More specifically, by utilizing two-dimensional 
shape information or three-dimensional models of the 
robot, the peripheral equipment, and the workpiece 
stored in, for example, a CAD system, it is made possi- 
ble to eliminate the need of creating a new three-dimen- 
sional model for simulation and to construct a robot sys- 
tem on a virtual space to be displayed on the screen of 
the simulation system accurately in a short time thereby 
enabling the execution of a simulation. 
[0054] Upon performing a simulation, when there is 
any object that does not need any accurate three-di- 
mensional model, it is possible to reduce the time and 
effort for creating a three-dimensional model by creating 
a simplified three-dimensional model by laying out the 
two-dimensional drawing of an object in the three-di- 
mensional space without modification. When two-di- 
mensional drawings of the workpiece or the like have 
been created by a CAD system, since three-dimension- 
al shape information of the components of the work- 
piece can be obtained easily from its plan view and side 
view, a three-dimensional model can be created rapidly 
and accurately from the information. 
[0055] When a system layout plan or the like have 
been created by the CAD system , this layout information 
also can be imported into the simulation system to rap- 
idly and accurately layout three-dimensional models 
such as the robot in a virtual three-dimensional space 
to be displayed on the screen of the simulation system 
thereby enabling rapid execution of the simulation. Also, 
by importing operating points of the robot from a CAD 
system or drawings created by the CAD system, it is 
possible to eliminate the need for newly defining the op- 
erating points in the simulation system, thereby enabling 
rapid and accurate simulations. 

[0056] By using the operating-point sequence, it is 
possible to complete the robot motion program stored 
in the simulation system, and perform a simulation for 
operating the three-dimensional model of the robot. 



Claims 

1 . A simulation system for performing a practical sim- 
ulation combining three-dimensional model of an 
operating machine such as a robot and a machine 
tool with three-dimensional model of a peripheral 
equipment or a workpiece, comprising: 
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4. The simulation system according to claim 1 , 2 or 3, 
wherein said drawing information is a projection 
drawing of at least two directions, and said three- 
dimensional model generation means generates a 
three-dimensional model based on said projection 
drawing of at least two directions and each of the 
directions. 

5. The simulation system according to claim 4 : where- 
in said projection directions are two mutually per- 
pendicular directions, and three-dimensional infor- 
mation of an original line segment is obtained based 
on position information of four points obtained by 
selecting both ends of the corresponding projected 
line segment on each projection drawing of said two 
directions. 

6. The simulation system according to claim 4 : where- 



means for storing a three-dimensional model of 
the operating machine; 
drawing information input means for inputting 
drawing information representing at least one 
two-dimensional shape of the peripheral equip- 
ment or the workpiece, the drawing information 
including three-dimensional layout information 
for laying out the two-dimensional shape in a 
three-dimensional manner and operating-point 
information indicating a position at which the 
operating machine is operated; 
three-dimensional model generation means for 
assembling the three-dimensional model of the 
peripheral equipment or the workpiece by lay- 
ing out the two-dimensional shape on a screen 
of the simulation system based on said three- 
dimensional layout information; and 
means for operating the three-dimensional 
model of the operating machine on said screen 
based on the operating-point information ac- 20 
cepted from said drawing information. 

A simulation system for performing a practical sim- 
ulation combining a three-dimensional model of an 
operating machine such as a robot and a machine 25 
tool with a three-dimensional model of peripheral 
equipment or a workpiece, comprising: 

7. 

means for storing a three-dimensional model of 
an operating machine; 30 
means for acquiring operating-point informa- 
tion representing a position at which the oper- 
ating machine is operated; 
drawing information input means for inputting 
drawing information representing at least one 35 
two-dimensional shape of the peripheral equip- 8. 
ment or the workpiece, the drawing information 
including three-dimensional layout information 
for laying out the two-dimensional shape in a 
three-dimensional manner; 40 
three-dimensional model generation means for 
assembling the three-dimensional model of the 
peripheral equipment or the workpiece by lay- 
ing out said two-dimensional shape on a screen 
of the simulation system based on the three- 45 
dimensional layout information; and 9. 
means for operating said three-dimensional 
model of the operating machine on said screen 
based on said acquired operating-point infor- 
mation. 50 

The simulation system according to claim 1 or 2, 
wherein said three-dimensional model generation 
means comprises means for creating three-dimen- 
sional shapes by giving a thickness to any portion 55 
of a plane or a line of a two-dimensional shape rep- 
resented in said drawing information. 



in said projection directions are.mutually perpendic- 
ular two directions, and the three-dimensional infor- 
mation of an original circle is determined based on 
position information of six points obtained by choos- 
ing three points in the corresponding projected cir- 
cle and three points in the corresponding projected 
line segment on each projection drawing of the two 
directions. 

The simulation system according to claim 5 or 6, 
wherein said two projection drawings are any com- 
bination of mutually perpendicular projection direc- 
tions selected from a front view, a right side view, a 
left side view, a top view, a bottom view, and a rear 
view based on a trigonometry or a mono-angular 
projection. 

The simulation system according to any preceding 
claim, further comprising: 

means for storing said instruction program or 
time chart of the operating machine; and 
means for operating said three-dimensional 
model of the operating machine on said screen 
according to said instruction program or said 
time chart. 

The simulation system according to any preceding 
claim, wherein there are included a plurality of op- 
eration machines. 
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